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ABSTRACT

This study designed species-specific primers for quick and convenient molecular biological species identification of
three species belonging to Architaenioglossa widely distributed in Korea and developed a single triplex PCR
primer set by verifying specificity and reproducibility. Species-specific primers were designed to amplify
species-specific bands (Pomacea canaliculata, 223 bp; Sinotaia quadrata, 261 bp; Cipangopaludina chinensis
malleata, 431 bp) in consideration of positions representing genetic variation within species and between species
on the cytochrome c oxidase subunit 1 (co7) gene base sequence of mitochondrial DNA. In addition, conventional
PCR verification experiments were performed according to the amplification cycle and concentration range of
genomic DNA (gDNA) to verify the amplification efficiency when configuring the triplex PCR primer set. As a result,
considering the PCR reaction cycle and sample amount, the minimum PCR reaction cycle and gDNA
concentration were found to be each 25 cycles and 10 ng/uL. Therefore, it is judged that the triplex PCR primer set
between the three species belonging to Architaenioglossa developed in this study can contribute to accurate
species identification in the industrial field with a quick and simple analysis method at the conventional PCR level.

Keywords: Pomacea canaliculata, Sinotaia quadrata, Cipangopaludina chinensis malleata, cof1,
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Table 1, Sample information to three species of freshwater gastropods used in this study

Scientific name Localities Country Collection date No. of samples
Hwaseong-si, Gyeonggi-do Korea 2021-08-01 30
Pomacea canaliculata Dangjin-si, Chungcheongnam-do Korea 2021-08-01 30
Ho Chi Minh City Vietnam 2022-07-23 30
Sinotaia quadrata Namwon-si, Jeollanam-do Korea 2022-01-12 30
Cheonan-si, Chungcheongnam-do Korea 2022-04-21 30
Cipangopaludina chinensis Dangjin-si, Chungcheongnam-do Korea 2022-04-21 30

malleata

Icheon-si, Gyeonggi-do Korea 2022-08-18 30

= 7153t dgdolsd A FtelA] FEst AAE et
Yz i} (e-Y=HA E, https://www.index.go.kr). E3H 2]
TR AA A AT Fpat BEF (=F, F5H0))
o] 9] Aol w2, 2016115 2021%17}H4] °d7i 95-190
t 7FEF ASAer s glo]  (AlEL eREHAA,
https://www.mfds.go.kr), 4 AlEel gt v 85 7

3k 27 Yelgr
FEuele] A5 anjAke s ®Astr anjatel A
AR} kel 37 AHE rEdbr] Slske] AF 2 IRk A
ol gt ‘FARE QAR FA] ARE AER glow, o]
w2}, geat BERE ed o (=5%0ld) 2 7k
QAR E BABIEE 5F é"'ﬂ"ﬂﬁ} (Lee and Hur, 2017). 28]
3 A S} o] = EA o

+
%
a3
e
I
S
lo
et
ny
1m

—10

2egk $RAA 97k Woh, 9 L 5 el 17
Pol £sle] AL A, §A0E F FAo] vhe o
ek

| EZEe]ol DNAE ookt 55 ERvezie 7 5
+ oo™ (Hurt and Jiggins, 2005), 3 DNA<} 22

= A, ZA S Yehdle A, Eddelgol =
BEH9 EASL e A (DiMauro, 2007;
Area-Gomez and Schon, 2014) 52 1#3 EA<) uje}
FAASLA O 0 F L S44 v AT Ao 23
Aoz A8E 3t} (Yang et al., 2021; Ye et al., 2021;
Kim et al., 2021, 2022). 3, W]EZ=E]o} DNAE T4
= WAl 99 #F-3A} (protein coding gene, PCG) 4l
cytochrome ¢ oxidase subunit 1 (col) FAAF 49 F&
AL FAS s E577l gt 71E4 <] DNA barcode %714

S A
2
>
N

Az g ARgExn 9t (Hebert et al, 2003;
Savolainen et al., 2005; Ratnasingham and Hebert,
2007).

E dFelMe I FEEe $5He] (Pomacea
canaliculata), 754°] (Sinotaia quadrata) 9 =9o]
(Cipangopaludina chinensis malleata) 5 B4 B&5%

3%2] Agsly 71 gt £ hEE 9)ste] DNA barcode +4

Az e ARE T 9l v EZEE o} DNAY cytochrome
c oxidase subunit 1 (col) FAAE ZL3le] £ EolF

o] (species-specific primer) & AAI3}y, 3k} trlplex
PCR Zzlo|n] AEZE A& BAYEsha = ghd upiS st
skaLat sjsict

2
Hu
p ]
0x
i3

o], 7}F9-FHo] B =9
o] & WAl B 3% EH?* *]5'1 7§ R= Table 101 e}

= (1993), dJoshi and
Sebastian (2003), Min and Lee (2007) ¥ Lee (2009) °i|
ug} $35ta EFAAE Lee (2016) & wWich

Kwon et al.

2. 7N AR L A4

£ gdFoA  AHEEl Genomic DNA (gDNA) =
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Table 2, GenBank® accession numbers of the cytochrome ¢ oxidase subunit 1 (co?) gene in mitochondrial DNA (mtDNA) for the

three species of freshwater gastropods used in this study

Scientific name Haplotype GenBank® Acc. No. References

Hap. 1 0Q608814 This study

Pomacea canaliculata Hap. 2 0Q608815 This study

Hap. 3 0Q608816 This study

Sinotaia quadrata Hap. 1 0Q608817 This study
Cipangopaludina chinensis malleata Hap. 1 0Q608818 This study

#B49E col FAA2] DNA polymorphism 4]}
haplotypes A% 3}7] ¢]5l% DnaSP, ver. 6.12.03 (Rozas
et al., 2017) & AHgslglon, Aoz 94" NI
< National Center for Biotechnology Information
(NCBI) 9|4 =23l Genbank™%
numberE §43}5it} (Table 2).
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sjof 590l (223 bp), A5e] (361 bp) W E5]
(431 bp) 5 & A %] £ Eold Zalo|HE A& sgl) o]
¥, & Sold Zejolule AT AR AEL Sletel
Singleplex PCR A3& F3t kg =7 d5lv) wat 45 7
AL AA g5 FEH0 R Pt triplex PCR Zglo]w A

£2 Agsigih

4, Triplex PCR &=

Triplex PCRe] w}& = 37 A2 Kim et al.
(2021, 2022) o we}, 57) gDNA %= 7} (0.01, 0.1, 1,
10 ¥ 100 ng/ «L) & AA% ¥ AccuPower® PCR Premix
Kit (BIONEER Corp., Daejeon, Republic of Korea) ]| 10
pmole® 3|M¥l Al &2 F Ho|x ZejolwE H7isly,
triplex PCR WH&- 271¢]) 203], 253] % 303] 59 5% ut
5 #5 Adstd A7 334 wbg Adsigld o)F,
Fragment Analyzer (Applied Biosystems®, Foster city,
CA, USA) & o]gsle] #7|d%Esl, PROsize® ver.
3.0.1.6 (Agilent Technologies Waldbronn,
Germany) & AM-3}o] AlZ43l8)g])

r.‘.’k

A 53

O\
ol

l'\

Inc.,

Az o 0¥

1. 9548 257 35 2 cof #AA 97149 24
2 ATolA BAR PR 25F 35 ot wERE?
o} DNAS| col 274 4% 97149 ¥4 Z23), & 698 bp
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Pomacea cannaliculata_MN623439.1 CATAAAGATATTGGTACTCTTTATATCTTATTTGGGGTATGATCAGGCCTAGTTGGGGCTGGTTTAAGCTTACTTATTCGTGCTGAGTTAGGGCAACCTG

Pomacea cannaliculata_Hap.1
Pomacea cannaliculata_Hap. 2
Pomacea cannaliculata_Hap. 3
Sinotaiaquadrata_KF535485.1
Sinotaiaquadrata_Hap.1 cee
Cipangopaludina chinensis malleata_Hap. 1

Cipangopaludina chinensis_KY679831.1
Cipangopaludina longispira_M2464013.1

, 10 120 130 140 150 160 170 180 190 200
Pomacea cannaliculata_MN623439.1 GTGCTTTACTIAGGAGATGACCAGCTTTATI'AATGTCATTGTTACAGCTCATGCTTTTGT CATAATTTTTTTCTTAGTTATACCTAT’AATAATTGGTGGATT‘
Pomacea cannaliculata_Hap.1

Pomacea cannaliculata_Hap.2

Pomacea cannaliculata_Hap.3
Sinotaiaquadrata_KF535485.1
Sinotaiaquadrata_Hap.1
Cipangopaludinachinensis malleata_Hap.1 .
Cipangopaludina chinensis_KY679831.1
Cipangopaludinalongispira_Mz464013.1

20 2 ol e % Ll

Pomacea cannaliculata_MN623439.1 TGGTAACTGATTGGTGCCACTAATAT TAGEAGETECTEACATGELTTTTECGCETET TAATAACATGA
Pomacea cannaliculata_Hap.1 i€l A€

Pomacea cannaliculata_Hap.2
Pomacea cannaliculata_Hap. 3
Sinotalaquadrata_KF535485.1
Sinotaiaquadrata_Hap. 1 -
Cipangopaludinachinensis malleata_Hap.1 . - .
Cipangopaludinachinensis_KY679831.1
Cipangopaludinalongispira_Mz464013.1
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Sinotaiaquadrata_KF535485.1
Sinotaiaquadrata_Hap.1 g
Cipangopaludinachinensis malleata_Hap.1 . .
Cipangopaludinachinensis_KY679831.1
Cipangopaludina longispira_M2464013.1
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Pomacea cannaliculata_MN623439.1 TAGCAAT 7 T T T T CTCTACACTTAGCGGGTGCTTCTTCTATTT TAGGAGCAGTGAATTTTATTACAACGGT AAT TAATATACGATGACGAGGTATACAATT
Pomacea cannaliculata_Hap. 1
Pomacea cannaliculata_Hap.2
Pomacea cannaliculata_Hap. 3
Sinotaiaquadrata_KF535485.1
Sinotaiaquadrata_Hap.1

Cipangopaludinachinensis malleata_Hap.1 - - - -
Cipangopaludinachinensis_KY679831.1
Cipangopaludinalongispira_Mz464013.1
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Pomacea cannaliculata_MN623439.1 TGAACGT CTTCCTTTATTTGTATGGTCAGTTAAAATTACGGCTATTTTATTGCTCTTATCATTGCCGGTTCTTGCAGGTGCTATTACTATATTATTGACT
Pomacea cannaliculata_Hap.1 G

Pomacea cannaliculata_Hap.2
Pomacea cannaliculata_Hap. 3
Sinotaiaquadrata_KF535485.1
Sinotaiaquadrata_Hap.1
Cipangopaludinachinensis malleata_Hap.1 - - - - - -
Cipangopaludinachinensis_KY679831.1  « + - - - -
Cipangopaludina longispira_M2464013.1 .

T
Pomacea cannaliculata_MN623439.1 GATCGAAATTT
Pomacea cannaliculata_Hap.1

Pomacea cannaliculata_Hap. 2

Pomacea cannaliculata_Hap. 3
Sinotaiaquadrata_KF535485.1
Sinotaiaquadrata_Hap.1
Cipangopaludinachinensis malleata_Hap.1
Cipangopaludinachinensis_KY679831.1
Cipangopaludinalongispira_M2464013.1

Fig. 1. Species-specific primer positions between the three species of freshwater gastropods on the cytochrome ¢ oxidase subunit

1 (co7) gene sequence (698 bp) of mitochondrial DNA (mtDNA),

AdAste], & 361 bp 2719 F 7t Sold W=r} SEEHES 3. §54F B-Z5 3% 7} Singlex PCR

zRlsitt. E3k, =9-ele] F S|4 Zejo|we] 4, Sal BE5 3% 1 & SolA Zejoln| A AANA A
AaEF Zalo|w (CC_1F) + 46 bpelA 66 bp (24-mer) <] 25l F 7 Ho| Zejoln ] %OVJ, A 9 AEAAE A
SNPs 4% EFeI=F AAsIgla, e Lejold 317] S18te] o], Aol W =] Aol #
(CC_1R) += 412 bpel4] 437 bp (26-mer) <] SNPs & Singleplex PCR 43S 7&‘@‘}3‘; :
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Table 3. Information on one triplex PCR primer set for the detection of three species of freshwater gastropods developed in this

study
Scientific name Primers Sequences (5" —3" ) Size Gene
PC_1F GATTTTGATTATTACCACCTTCTC
Pomacea canaliculata 223 col
PC_1R AATAGAAGARGCMCCTGCTAAG
SQ_1F CCTATAATAATTGGGGGGTTTGGC
Sinotaia quadrata 361 col®
SQ_1R CATACCCCGTCAACGTATATTGATC
CC_1F GGATTGGTTGGTACTGGATTG
Cipangopaludina chinensis malleata 431 col®
CC_1R GAAGATGCACCAGCTAAATGC

dcytochrome ¢ oxidase subunit 1 gene of mitochondrial DNA

Table 4, Three singleplex PCR primers and one triplex PCR primer set PCR conditions to detect three species of freshwater

gastropods
Primers Steps Temp. Time Cycles
Initial denaturation 95T 5 min 1
Denaturation 95T 30 sec
PC_1F/PC_1R" Annealing 53:C 30 sec 30
Extension 72C 1 min
Final extension 72C 7 min 1
Storage 4C Infinite
Initial denaturation 95C 5 min 1
Denaturation 95T 30 sec
. b b Annealing 53T 30 sec 30
Singleplex PCR SQ_1F°/SQ_1R ] . )
Extension 72T 1 min
Final extension 72C 7 min 1
Storage 4C Infinite
Initial denaturation 95T 5 min 1
Denaturation 95T 30 sec
) i Annealing 53T 30 sec 30
CC_1F9/CC_1R¢ . . .
Extension 72T 1 min
Final extension 72C 7 min 1
Storage 4C Infinite
Initial denaturation 95T 5 min 1
) . Denaturation 95T 30 sec
Triplex PCR gg}:igbgg:igb Annealing 53T 30 sec 30
CC 1FYCC 1R® Extension 72T 1 min
- - Final extension 72°C 7 min 1
Storage 4C Infinite

3 Pomacea canaliculata, ® Sinotaia quadrata, ° Cjpangopaludina chinensis malleata

oA et F 1 SolA Wi=r) FAE e, wSe)Hal 4. ¥4 555 3% 7} Triplex PCR

(e}
PCR 5% 342 #a=A] odsich o] dAlolA A= Singleplex PCR &7 4 uks- =7
2 AFolA AR A ] F 7 5ol Zejo]we| gk < J|EoE @Al BE5F 3%l H3le] triplex PCR A ¥
Singleplex PCR @A W 8- =72 Table 4 YepSic} < 433 ¥, fragment analyzer® A7|9% Z23ZF £43
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&t S=F 35 2t Triplex PCR & &g 2

Pomacea canaliculata

LM 1

Sinotaia quadrata

Cipangopaludina chinensis malleata

13 14 15 16 19 20

— — T

Fig. 2. Species-specific band positions amplified by triplex PCR from the cytochrome ¢ oxidase subunit 1 (co7) gene sequence of
mitochondrial DNA of three species of freshwater gastropods (Pomacea canaliculata, 223 bp; Sinotaia quadrata, 361 bp;
Cipangopaludina chinensis malleata, 431 bp). Lane 1-3, P. canaliculata, Hwaseong-si, Gyeonggi-do, Korea; Lane 4-6, P,
canaliculata, Dangjin-si, Chungcheongnam-do, Korea; Lane 7-9, P. canaliculata, Ho Chi Minh City, Vietnam; Lane 10-12, S,
quadrata, Namwon-si, Jeollanam-do, Korea; Lane 13-15, C. chinensis malleata, Icheon-si, Gyeonggi-do, Korea; Lane 16-18,
C. chinensis malleata, Cheonan-si, Chungcheongnam-do, Korea; Lane 19-21, C chinensis malleata, Dangjin-si,
Chungcheongnam-do, Korea; Lane 22, mixture of P. canaliculata (223 bp), S. quadrata (361 bp), and C. chinensis malleata
(431 bp). LM, ladder marker (35-500 bp); U, upper marker; L, lower marker,

Table 5. Triplex PCR amplification experiments were analyzed in 20, 25, and 30 cycles using genomic DNA (gDNA) diluted to

0.01,0.1, 1, 10, and 100 ng/x«L, respectively

Density (ng/ /L)

Cycles Primers
100 10 1 0.1 0.01

PCcol_F?*/PCcol_R?

20 SQcol_F"/SQcol_R" X X X X X
CCcol_F/CCcol_R®
PCcol_F#PCcol_R?

Triplex PCR 25 SQcol_F"/SQcol_R® O O X X X
CCcol_F¢/CCcol_R°
PCcol_F#PCcol_R?

30 SQcol_F*/SQcol_RP O O O X X
CCcol_F¢CCcol_R¢

3 Pomacea canaliculata, ® Sinotaia quadrata, © Cipangopaludina chinensis malleata

A3} (Figs. 2, 9, 59019 4%, Selveel A7= 34
AR} $AGE 94 AT 292 el 547 e o
- q

Triplex PCRel W& ¥]5¢]4 PCR 55 o4& E]ls}7]
sl el A9Pe] 9 L9ele AAEE
(electropherogram) & &<l 23 Ex% £& Aoz A
3J gk PCR AHEelA]
Wwow, v|Eo|A peaks ¥EE A gt} (Fig. 3).

o] W=7} oF 431 bp F-ZolA #HEs] &
A

N
ofN
=
K
|t
o
L
O g
[}
©
2,
N
N
—#
N
ot
X
T
T

2 ATellA AAE Al o] F 7t FolA Zefo|wof djgt
Triplex PCR ¢4 @ ukg =72 Table 4] Uelfglch

5. 954t 8%57 3% 7} Triplex PCR 5% &8&4 37}
G BE2 32 7} Triplex PCRY) 5% 5845 24
0.01, 0.1, 1, 10 % 100 ng/pL7}A] 571¢]
gDNA 7= 5= 77+& A4t 7 779} 20, 25 4 30
3)°] PCR k& 5715 443l 33 v Adsk 47, PCR
vk F717) 303 o, 370 (1, 10 2 100 ng/xL) <
gDNA F& 7oA & 5o]A nkgo] o] T3 &4
o] 71 Heojud Ao = wdE|glow, PCR v F7]|7} 253
ol wj= 10 ¥ 100 ng/ L 5 27]¢] gDNA =% F-7bejAut
F 5o]A ukgo] o] FF agAo] v|wA @ e

WA= iet (Table 5). 234, PCR 1k 5717} 203]4
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RFU (Relative fluorescence units)
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Size (bp)

Fig. 3. Electropherogram results of the triplex PCR primer set for
species identification between three species of freshwater
gastropods, L, lower marker; U, upper marker,
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& 5olA nhgo] A obgket (Table 5). ©]2]3 PCR
e EAh BEERe Sdd AAEEE] ExA
(Kim et al., 2021) ¥ A ;;‘rrr (Kim et al., 2022) o]ul&F
o) AT Zskeh A webA, B B5E 35 7
Triplex PCR Zelo|n] ANEE A3 AAVdE Lesto]
51:9-5]{— A Ak gD T8 Fages AAGE
§-, 253]¢] PCR uh¢- 12} 0 ng/ «L°] gDNA 557}
73%01] ksl Ao JJr%EJ‘”E]— (Table 5).
& AelA FryE geit 5SF 339 mEE=eo}
DNA col fAAN] dste] 714D Aol Yepts 5 4 2
T 7t Ho] 49E B R F 5o]A Zelo|wE AASGith
]% Single PCR ¥ 271 oﬂ rﬂra} triplex PCR & 271
< #3l3 & triplex PCR 5& I = L
Ao 2 triplex PCR Z&}o]H /q]#ﬁ Aasieleh. g +4¢
ABSA W Sl el SEEE A 25
5 3%l diste] aks A e A 2 e A el

A% $457 B 240 7)JE 4 e Aoz Ber,

mq

2 o

%Lﬁq]/ﬂ Lqﬂ 'Wiﬂl %_‘_\-_—_ /\/‘\1, _\;l_g,c_e ES (Q.O qu]

Pomacea canaliculata, 735-3¢] Sinotaia quadrata 2 =
$-3o| Cipangopaludina chinensis malleata) & A3}
Helgh FAREEA F WS $l5te] v]EZ= 2o} DNA9
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